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. WHITE PAPER

Controlling Your Network—
A Must for Cable Operators

Executive Dverview

This white paper describes how multiple system operators {MSOs) can control the traffic on their multiservice network to ensurc
that their users receive consistently high levels of service. In addition, it discusses how to prevent outside content providers from
disrupting the cable network by delivering broadband conteat without authorization granted by the MSO.

The Opportunities for MSOs

Today, the volume of networked data traffic has bypassed that of voice traffic, and the ricthand for data access is still climbing
steadily foc both business and residential subscribers. The demand for high-bandwidth video access is beginning to undergo a similar
upswing. Further, there is a strong subscriber interest in bundied data, voice, and video services offered by a single provider. MSQs
arc in an excellent position to take advantage of these unprecedented revenuc opportunities.

Such a move requirces being able to deliver data, voice, and video to all your subscribers through a singlc converged nerwork
of integrated components designed for this type of service deployment—an Internet Protocol {IP) network.

A converged network delivers substantial bencfits, such as resource sharing not only of bandwidth, but also of capital
expenditure, operational costs, and training. A converged network gives you the frecdom to offer bundles of data, voice,
and video services, and today you can offer these services with new confidence in your abilities to control service qualiry.

And roday you can do this with new confidence in your abilitics co deliver seevice qualicy.

For cxample, converged network enables you to create “virrual™ networks to ensure that different types of traffic do not
interfere with each other. You get the advantages of a converged network with the service-delivery confidence of scparatc
nerworks—but without the gross inefficiencies and future-limiting isolation of separate networks.

Cisco Systems and its strategic partners have made a no-compromisc commitment ta delivering cnd-to—cnd camicr-class,
high-bandwidch IP nctworks to mect these New World opportunities.

Elements of a Multiservice Cable Network

New World IP networks are the most advanced, flexible, and cost-cfficient solution available for delivering data, voice, and videa
over cable—the types of services your customers want. New World nerworks are also designed to leverage the common infrastructure
you alrcady have to optimize your time to market and profitability in developing, deploying, billing, maintaining, and expanding
these services over time.
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WFQ, on the other hand, adds the capability to provide expeditious handling for high-priority traffic requiring low delay while
fairly sharing the remaining bandwidch between lower-priority traffic sources. WFQ divides link traffic into high-priarity and
low-priority flows (based on metrics including IP Precedence and traffic volume). High-priority flows receive immediate handling,
whereas low-priority flows are intecleaved and reccive proportionate shares of the remaining bandwidth.

Random Early Detection for Cangestion Management
‘Random early detection (RED) gives you the ability to flexibly specify traffic-handling policies to maximize throughput under
congestion conditions. RED helps you intelligeatly avoid network congestion by implementing algorithms that provide 2 host

of protections, including the ability to:

» Distinguish between acceptable temporary traffic bursts and excessive bursts likely to swamp network resources

* Work cooperatively with traffic sources to avoid TCP slow-start oscillation, which can create periodic waves of network congestion
e Provide fair bandwidth reduction to reduce traffic sources in proportion to the bandwidth being utilized

* Sct minimum and maximum queuc depth thresholds as well as packet drop probability

Thus, RED works with TCP to anticipate and manage congestion during periods of heavy traffic to maximize throughput via
managed packet loss.

Go Forward and Grow with Safety and Control

Cisco QoS gives you completc control over all your content and services while at the same time protecting your available bandwidth
and minimizing delays for time-sensitive voice and video applications.

QoS can also propel you forward by giving you the information you need to offer advanced differentiated services at a profit.
For example, time- and usage-based billing via NetFlow measurements provide you with a means of encouraging (or shifting)
dcmand during periods of light nerwock loading by offering off-peak discount pricing.

Traffic classcs and prioritization allow you to encourage business subscribers to classify their traffic and transport oaly the
highest-valuc bits durir:g peak usage periods and heavy congestion conditions.

Bandwidth allocations via the CAR feature let you carefully enginecr network capacity to meet bandwidth commitments during
periods of congestion.

With QoS, you can optimize service profits by marketing “cxpress™ scrvices to premium customers ready to pay for superiar
network performance. Enterprise customers are already leveraging virtual private networks (VPNs) and other advenced services
provided by broadband MSOs to optimize communications with customers, suppliers, branch offices, and mobile/telecommuting
cruployees.

Cisco QaS services help you pucsue a New World Internet business model for profitable revenue growth by:

» Offering and charging for targeted, differentiared services
& Maximizing network utilization

s Maximizing revenue per carried bit

a Generating incremental billing for new services

Every competitive MSO has becn challenged to plan and build an IP infrastructure that can deliver a full range of differentiatcd
network services and provide absalute network control, from the edge to the backbone. Now, that's exactly what you can do.
For more informartion on Cisco Cable Solutions, visit our web site at: www.cisco.com/cable.
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New REVENUE OPPORTUNITIES ruxoucu

NEW SERVICES AND MARKETS BRI
Cablc operators bave an opportumty today to gcnctatc
significant revenues from new services in the residential; .
business, and education markets. The demand for

informarion, enterminment, and communicadons has

exploded, and the cable nevwork presents the single best

inedium for delivering these services reliably, cost-cffectively,

and profitably. In fac, analysts predict that the demand for

_ cable modems will grow by almo'st ten times in the next

Cisco cable solutions coable .opcmtors of all sizes 10

derive new revenuce streams from their existing cable

;:\'-stcms and, more importandy, to leap well ahead of other
local access providers in terms of service offedings and
customer mindshare. Being the first to offer these new
services is critical in a local-access macker expected to
becorae fiercely competitive. The first provider to enter
these new markets will acquire speed-hungry customers ar
a much lower cost-than that of the competing access
providers that follow.

few years (Figure 1). Cable operators have the opportunity
to take advantage of this remendous growth by providing
advanced secvices at a [raction of the cost of traditional
tclco solutions. The range of potendal services is lirited
only by the needs of the custamer.

The eable industry is in a state of rapid transition
from the old-world model based on closed systems
providing a single product olfering—broadeast television
programming—ta a ACW W orld driven by competition and
choice. Cable operarors can now offer a muldiwde of
services based on an integrated plarform of data, voice,

and video capabilities.
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demand {(VOD}. These services require varying levels () S Cisco NetWotks Partaers .. . . - -
'_' baudwidth for peak performance. Through QoS, cable Through the NatWorks prograr, Cisco is partneting w\rh
aperators can easily charge incrementally for higher ) leading companics around the world including world-famous
bandwidth, further boasting revenues. coasumer clectconics manulacturers such as Sony and
Samsung; leading European set-top box manufacrurers
To allow cable operators to take advantage of these such as Pace; leading modem manufacrurers such as Askey;
consumer market opportuniries, Cisco has established an and leading suppliers of integrated dulivery systems for
industry-leading parinership strategy and a complete cable operarers such as ADC Telecommunications.
end-ta-end solution.
- Cisco NetWorks is a technology
Interoperability Partacrs (g glosrqq licensing program that incorporates
Cisco is working with leading companics in the cable Cisco technologies into its partmers’
industry such as General Instrumencs (Gi), Thomson RCA, cable modems, digital set-top boxes, and external nenwork
and Com?21 to assure intecoperability of our products. This interface units (NTUs). As participants in the program, Sony.
allows you to take advaneage of the consumer market by Samsung, Pace, ADC, and Askey proudly display the Cisco
leveraging the expertise of mulriple vendars. Whether chey NerWorks brand mark—a guarantee of Cisco reliabilicy,
are conswner cable modcmswéxgml set-top baxes, cable. network-congectivity, and intetoperability. The Cisco
operators can be assured ‘that Cisco parmers' devices will = -+ - - - NerWorks program allows cable °P°m°“-‘°‘lc"°m8°~‘}"-‘-.—
intcroperats with Cisco headend cquipment. combination of Cisco technology with the £cspcctivc corc

comperencics of its pantners, botk those who ace a part of
the program today as well as thase who join in thé future,

1o ensure their success in the consumer market.

Figwe 4; Voce ovet 1P l
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STRATEGIC CONCERNS WHEN DEPLOYING AN
InTecrATED MuLTisErvICE NETWORK R
The hybeid-fiber-coax (HFC) network that cable operators |
have today is undoubtedly their single most steategic
and valuable asset—one that should be maximized. In
extracting the optimum value from their plant, aperators
must ensure that their cable netwock maximizes both
reveaue per subscriber and the number of subscribers

* and minimizés capital expenditures and operating costs.
It should also hclp SLsram thur competitive cdgc by |

— ——enabling cable opcrators tobuild a reputation 6™

delivering best-in-class total service quality.

Maximizing Revenue Per Subseriber

Onic way to achieve high revenue per subscrber is by
scgmenting the marker and charging whar the market
will beac withia each macket segment. It is not enough,

however, for marketing to devise different service offerings. an rapid cost reductions as modem vendors ramp up to
The actwork must be capable of supporring these ofterings high-volume production. And in the medium to long rerm,
through meaningfel palicing and enforcement mechanisas. opecaters must eliminate the capiral expenditures for cable

modews from their books endircly.

Maximizing the Number of Subseribers

If cable operarors build a high-speed nevwerk and offee Cable operators incur large operating costs in three
very artractive prices, customer demand will skyrocket. aceas: truck rolls, customer support, and maintenance of
But without the logistical capabilities to adtomaticallv the cable 1_"‘"“_' Thc "°l“ti°‘° ‘h°“1.d supporr cable
provision cable modems inco the,nekwork, adding new operators in minimizing their costs in thesc thice azeas.
__.customers will be a slow yuftcdlous process, In order 10 .u . oo ot i e e e e s ermemmeees—
avoid chis pitfall, scalabilicy and advanced sclf-provtsmmng Building and Sustaining a Compcntlvc Edge

are needed, cnabling customers to purchase a modem, plug While maximizing reveauc and minimizing costs

it in, and subscribe immediately. The system should be is a desirable short-term goal, building a reputation for
sulficiently scalable with adequate capaciry to handle best-in-class service will boast customer retention and
lacge numbers of acw users and should be capable of accelerate subscriber numbers through "F_&"-"[‘ from
provisioning the new subscriber with as lintle operatoc satisfied customers. Best-in-class service requires:
intervention as possible, -, - s Performance theough a sealable system

. Rclinbilicy wAithﬁmﬁﬁrml scrvice outages ensured by

Mioimizing Capital Expenditures aad reliable componcms aod rapid fault resolution

Operating Costs . el
The cablc modem reated out 10°the customicr consntutcs a- . Smm} to protect the "ﬂblc network and aible
large part of today's capiml o.pcndnurcs To rcducc r.h;s DU customer netwarks ngzum malicious attacks and

' protect cuscomer daca through cnczypnou services,
even for mulnczst data -

cxpense in the near term, the operaror must bcablc 0 bu>
cablc modc.ms at lhc loucsr posablc pnce pcr unic, bascd
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EfFICIENT PROVISIONING OF ADVANCED SERVICES
In deploying a multiservice nerwork, delivering the right
secvices to the right customers is fundamental in ocder 1o
take advantage of the revenue opportuaities outlined
eaclier. When a customer requests a pew service, the
operator must be able to deliver that service with minimal
delay and minimal interruption to existing services.

In addition ta offering superior responsiveness when
delivering a new service, the operator roust minimize the cost

1o suffer.

In additon, the QoS functionality that exists today in

10§ sofeware allows the operators to tailor the service to
the aeeds of their customers, Operatorss are thus able to
take control of what is happening in their network and
provide meaningful restrictions to preveat some subscribers:
from impairing the service of others who may be paying a
premium. This prevents the problerns that other systems
have today where a few bandwidth hogs'c:in effectively -

“steal” scrvice from cthers and cause network pcrl’ormancc

of delivering that secvice. This includes the reduction ot
climination of tnick rolls as well as the number of staff-houcs
required to provision the service in the back-office bifling
system—especially as the demand for service rapidly ramps
up. Cisco helps operators address these issues through two
key initiatives: integrating Layer 3 intelligence with Cisco

105~ software and advanced billing and provisioning.

Integrating Intelligence with Cisco JOS Software
Cisco 108 sofrware powers 80 pereent of the Incernet.
10S sofcware allows cable operators today to scamlessly
and cfficiently deliver advanced services such as VPNs,
VolP, and multicast to their customers.

[ T e

Figure 5 How Serice Providars Deliver Now Services gwer 103
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Because 108 software is tightly integrated iato the
Cisco equipment that cesides at the headend, as well as in
the rest of a Cisco network, delivering new services over
108 sofrware will appear just as seamless to cable
customers {Figure 9). As future revisions to 10S software
become available, che delivery of new revenuegenerating
services becomes a simple marter of a software upgrade,
theeeby protecting the operaror’s system investment.

Advanced Billing and Provisioning with
Cisco Network Registrar and NetFlow

While 10S software lers operators seamiessly integrate
new services into their muldservice network, Cisco
Nerwork Registrar and NetFlow help efficicatly monitor
and bill for those services. Even in dynamic, nonliacar

. growth markets, such as the oac predicted for broadband -

services, Cisco sofnware technology lets cablc operators
casily scale their provisioning and billing to take full
advanrage of revenue opportunitics.

Network Registrar is 2 highly scalable provisioning
too! that helps manage customer information and the
scrvices to which they subscribe. This tool will ultimately
cnablé customers to self-provision ncrwork services through

‘a sunplc Web interface. This mcans that customers can
n-_sunply purchase a modem, plug it in, and subscribe

immediately wnth no opcrator intervention required
{Figure 10). Tlus wnll illow the msmlhnon to be pctformcd
without a truck rolL, ams hc‘lpmg opaators realize a
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ProvIDING BEST-IN-CLASS SERVICE QuaLITY

A customer docs not care why their network or telephone .~
connection went down—thcey care oaly that it is down. For
cable operators to remain comperigve, they must provide |
highly-reliable, highly-available services equivalent to what
customers cxpect from their telephone company.

Figure 12 illustrates the chain of equipment that must
funcrion flawlessly to provide the cable customer with
quality secvice. Equipment, by its vecy nature, will beeak |

LV : BN

High Availability and Reliability

in the Data Network

Aeliable service is built from reliable equipment, Cisco
offerings bave enhanced hardware and software fail-safe
reliability features with very high meantime between failure ™
(MTBF) specifications. Software crashes may often be the .
most frequent cause of system failures, especially for
sysu:n;s with large quanttes of untested and unproven
code. Cisco products run on highly stable, fime-proven 105
sofeware, which is used by every level of Cisco products,

down. Bt 7 cable system should meet the lollowing
minimum requirements:

« Equipment that rarcly fails

« Alacms that enable thé operater ta take action should
equipment be on the veege of failing

* Easy-to-lovate points of failure

« Fasy-to-fix equipment to prevent or minimize
disruption to che sysiem

I addition, the system should be safe from human
failuce factors, such zs hacker arracks or customer crrors
so that cusrormess Feel that their data is secure.

Figure 12: Ditferent Points of Failure withia the Netwod I

Small Headend ur

all the wayto-thehigh=end Cisco-courers thar formthe
heart of the Internet.

Cisco dependabiliry also extends to the hardware.
Redundant power supplics as well as time“proven and '
stable hardware designs contribute 10 this stabilicy, with
fickd-replaceable, hot-swap capabilicies for all cards,

provessors, and other components of the syswem.

Tying hardware and software togethier into a very
high-availability system is the Hot Standby Rouring
Protocel (HSRY). Cisca is continually working on sl
hizhet standards of rcliability and availabilicy that will
help cable operators move cven further into new-age
teleccommunications.
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New Revenue Opportunities G,
For Cable Operators From %43
Streaming-Media Technology

A Case for Leveraging IP Technologies in Implementing VoD

Summary

The demand for video media and audio entetainmeat, coupled with new forms of advertising and communication, is creatin,
exciting opportunities for cable operators. Cable operators are positioned to capture significant new revenuc from services th
stream media to the home. Nocth American nwo-way cable modem subscribers are expected to surpass three million by the y-
2002.1 The term “scrcaming-media® is used to refer to audio or video that is “strecamed"” over a neowork. This technology, w!
originated on the Intcenct, augments the Motion Picture Experts Group (MPEG)2-TS-based digital video infrastructuces thac
operators are currencly deploying.

Cable operators aze positioned to be the first to offer advanced streaming-media services to TV sets and the fiest to creas
broadband portals thar can be TV- as well as PC-oriented. Incremental revenue gains far cable Mulciple System Operators (A}
that develop streaming-media platforms will sucpass the incremental costs of building out the necessary nerworks. In fact,
strecaming-media platforms will leverage much of the iafrastcucture that MSOs are putting in place for other seevices, such a
high-spced data services, digital television services, and voice services.

This paper discusses the opportunitics that steeaming-media technologies offer for the eable operator, as well as the archite
nceded to support streaming-media services, and the economics of building out the required infrastructure and offering basic

streaming-media services.
New Streaming-Media Technologies: Opportunities For MSOs

The Emergence aof Slr'caming Video Technologies

Strcaming-media technologics were developed on the Internet to enable users to view rich media {for example, audio, videu, a
on) without having to first download an eatite piece of content. When this technology fiest emerged on the Internct in 1995, 1
met with a great deal of skepticism. Many felt that thee was no way thap the Inteenet could carry even low-quality audio siv
Today, ncar-CD quality audio is availablc at many promincnt Web sites, SO million people have registered RealNeoworks!
RealPlaycc, and screaming video is commonly available on the Internet, although at low (but rapidly improving) video quaki
Novw, with the infrastructure for high-speed data scevices already being deployed, the cable industey is positioned to hat
this teend to create services that combine on-demand, intecactive, and broadeast services into a unique service offering. Ly ol:
both on-demand scrvices and broadcast services, cable operators can cffectively diffecentiate themselves from competitive pro~
who can offer only on-demand delivery (for example, digital subscriber line [DSL)} or who can offer only broadeast seevices ¢

large footprint {for example, digital sarellite).

1. Daia Souree: Cable Modem Information Centez, Cable Modem Market Stats and Projectians, April 1999,
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How Cabie Gperators Can Succeed in the Streaming Media Market
Cable operators will not be able to compete in this expanding market of broadcast, entectainment, and streaming-media simply b ¥
offering their traditional analog video conteat in digital form. The real value of broadband cable will be derived from a combinatioq
of broadcast video, on-demand video content, personalized content, and Internet content (Figure 1)2 By adding personalized TV
content to their traditional broadeast media, cable operators will be able to increase revenue from subscribers and increase
advertising revenue through new forms of edvertising.

-

Fgure | Sendce Opportuaities and the Value Pragasition of Television
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Personalized TV offerings leverage the flexibility of streaming-media to provide a customized service offering. Short video elips can
be stored, asscmbled, and delivered to subscribers based on user profiles and requests; video content ean be mixed with Live
broadcast TV and Web pages; and impulse c-commerce offers a fast, convenicar way to purchase products via TV and the Inteenen
(Figure 2).

Figure 2 Personalized TV Multitiered Service Offerings

Live Webcast Webcast Webcast
et . CNN Sports }:efrraﬂic -Music
LT Headlines “Update Repor "] ‘Reviewss
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Growth Projectians for Streaming Video
Growth projections for streaming-media and personalized TV content arc impressive (Figure 3).3 As consumers become acquainted

with the service value of streaming-media, usage will incrcase rapidly. Today, streaming-media users watch an average of three
sessions per day with a maximum vidco clip length of about five minutes. Ovee the next four years, the length of the video clips,
and the frequency with which consumers watch them, is projected ro increase by a factor of 2.5.

2. DauMonitor; Consumer [ntcractive Scrvices through 2002, January 1999,
3. Data Source: Paul Kagan Associates Inc.; March 1599.




figurs3 Sweaming-Media Growth Projections
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As the use of screaming-media services grows, advertising revenue will also grow. Per-uscr in-strcam ad minutes azc projected tu
increasc rapidly from chirty five per year to over 377 pee year by the year 2002 (Figure 4)* This increase represents a signifiza::
potential source of revenuc for cable operators, because these ads can be easily rargered ac specific types of consumers, resuliing
significandy higher advertising races.

figure & Sucaming-Media Growth and Adverising Projections
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The Impending Shik fram PC-Osiented to TV-Oricated Madis Streamiag
Today, the delivery of streaming-media is PC-centric. MediaOne—New England Cable News (heep//www.necnews.com),
Broadcast.com, Roadrunner, FasTV, and other secvice providers are supplying value-added secvices and on-demand
streaming-media conteat to PCs. Soon, however, these services will target TV. Cable operarors will be able to offer a mix of
streaming-media content that includes headline news, locaVnationaViaternational news, weather, spocts, enterrainment, music
cducational programming, and other services. '
For example, a subscriber accesses a broadband portal (Figure 5} with maay choices of on-demand content. The subsceiber may
access the entectainment scction of the portal, read curcent music oc encertainment news, watch & music video elip, buy the CD of the
clip, and even buy the kinds of clothes thac the artists in the video are wearing. As owner of the nenwork, the cable operator can derive

reveaue from these service opportunities—higher subscriber fecs, increased advertising, and percentages of commecce transactions.

Figure § Example of Broadband Portal [vww.aecnews.com)
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Streaming-Media Revenue Projections
“Total streaming-media revenuc is projected to pass $4 billion by the year 2002 (Figure 6)3

Figure & Tota! Steaming-Media Revenue 15382002

H Streaming Media
Revenue

i

1998 1999 2000 2001 2002

Cable opcrators can expect inceeased revenue from four major areas:

1. Higher subscriprion fees for advanced sccvice offerings will cesule in increased revenue.

2. Revenue from MPEG2 broadcast-quality video-on-demand services delivered over an IP nenwork can be realized.

3. E-commeree revenuc associated with sereaming-media-on-demand content can be pained; as an example: a subscriber accesses
the cable operator's broadband portal on TV to watch entertainment videos of news. Whilc watching music videos on demand,
he or she can ordec a CD of the vidco with a mouseclick or click on the singer’s outfit ro buy it or find out which store sclls

- it—Gap, Banana Republic; BeBe, for cxample (Figure 7).

4. Cable opecators }gil\' ggncratc advertising revenue based on Web portal ad revenue, rargeted Internct ad revenue, and reverse ad
revenue based on consumer pult rather than advertising push,

Figure7 Example ol 8roadband Ponal E-Commeree Opporntunities
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Additionsl Revenue from Related Sarvices

Cable operators that offer streaming-media services will be able to add maay kinds of revenue-gencrating services through
customized and gn-dcmand media content. Some are obvious and offer  high value proposition, such s & personalized subscribe,
partal that offers news/video/information on demand (for example, New England Cable News, Broadeast.com, and Yahoo-type
portals). Others include video on demand (VoD), enhanced video (ATVEF, or Advanced Television Enhancement Forum-type
services), and Web surfing functionalicy, all of which can be cantrolled and managed by the cable operator.

The Streaming-Media Oppoctunity .

The macker potential for streaming-media scrvices must match the potential numbers of interactive-capable set top boxes (STB) that
- can handle high-bandwidth seevices. Initially, digital STBs will be basic, wich lictle to no Web surfing and intecactive capabilicy. By
2002, however, the increase of advanced, fully interactive digical STBs will surpass thac of basic digital noninteractive boxes and
reach aver 15 million unics worldwide (Figure 8).8 It is worth noting that the instalied base of advanced interactive STBs is forecast
to surpass the installed base of cable modems by 2002. As nenwork owners, cable operators will be uniquely positioned to atrain
mind and macket share for traditional broadcast services as well as new inteeactive services such as streaming-media, VoD seevices
in paricular are expected to be very powerful revenue generators for cable operators.

The next two years are critical for this market. Cable operators must have a fundamental understanding of the economics of
strcaming-media on demand.

Figure 8 Worldwide Interactive Digital Set Top Box and Cable Madem Forecast
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§. DataMonitoc; Consumer Interactive Senvices through 2002, January 1999,
Inside Cable 8 Telecams Europe, February 1955,

DataMonior, Asia Digital Set Top Box Market, January 1993,

Citco Systeens Cable Solutions Marketing, March 1939,



Streeming-Medin Architecture far Catile Operatars

The architectuce for streaming-media networks leverages many of the sagc componcats that cable operators are already building
out for advanced data services (Figure 9).7 The basic compancats of the existing high-speed data network and the
streaming-media-capable necwork includc high-speed gigabit switch routecs (such as the Cisco 12000 series gigabit switch router)
for the core headends and regional backbone, proxy and media cache servers for distributed conteat, cable modem teaninatjon
systems (CMTS) or other RF-cnabled edge routing funcrionality to connect the hybrid-fiber coaxial (HFC) network to the coce {p
nctwork (Cisco uBR7200 scries universal broadband routec), and streaming-media technologics in customer peemises devices
Streaming-media over an IP nerwork is achicvable today with existing products and technologies from Cisco Systems

ﬁgu're 9 Architecture for a High-Speed Data and Streaming-Media Service
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On the nenwork side, gaBlc"o.;;cmtors will need to add media servers, cache cugines, and clicnrs. On the consumer sids, digital ser-top
boxes must have thc'capabi“r)j to handle streaming-media. STBs with IP conncctions and the ability to transfer cancent efficiently
from the IP conncction 1o the digital signal processor (DSP) hardware (MPEG decoding capability, for example) will be required.
Some STB manufacrurers arc currently incegrating this capability, which typically adds very litrle 1o no cost, into future designs

7. Cisco Sysiems Cable Solutions Markedng, March 1999, N



Service Availability: “Stay Home Happy”
One of the worst expericnces customers can experience is a *busy signal” indicating that they cannot receive the service thar they
would like to because of a lack of resources. (Hence Blockbuster Video's campaign “Go Home Happy"—the analogy to the scover
or nctwork bcing_“bus'y" when you want to watch a video is Blockbuster being out of the movie that you would like to watch,)
Streaming-media architecture addresses this problem in two critical ways. First, the flexibility of an IP network means that streaming
coatent can be brought from other servers if a server happens to be busy. IP networks also automatically route around congestion,
50 if there is an alternative route around a congested link, the content is still delivered.

The sccond way that this architecture addresses this problem is through economies of scope. Because resources can be shared
. scross multiple services {for example, stceaming-media, high-speed data, voice aver IP), it is less likely thae service will need to be
refused during a particularly busy time for a particular service. For example, if an unusually large number of people are ordering
VoD movies at & particular time, resources can be borrowed from other services in order to meet immediate VoD demand. When
compared with needing to statically allocate resources among services and ovecprovision cach scrvice, this approach provides a
much more cfficient way to manage network resources.

Streaming-fMedin Standards
One of the advantages that strcaming-media can offer is the ability for a wide varicty of IP-cnabled devices to be able to deliver
strecaming-media secvices. To realize this advantage, it is critical that scrong standards be established for streaming-media.
Fortunately, numerous important standards have becn established in this area. Of central importance is the Real-Time Protoco!
(RTP) and Real-Time Control Protocol {(RTCP). RTT defines a packer format for transmirting real-time data (such as
steeaming-media) on IP neoworks; it was defined by the Internet Engincering Task Force (IETF) in January 1996 (RFC 1889). RTCr
dchines a control protoco! for RTP sessions, and is also defined in JETF RFC 1889.

Video-specific standards have also been established, augnicnting the general real-time capabilities in RTP JETF RFC 2250
defines standardized ways of transporting system, program, transpore, clamnental strcams using RTT.

Togethery, these standacds provide a framewock for delivering MPEG vidceo in a standardized way across IP neaworks.

Quaiity Of Service And Network Control

Two of the biggest technical conceens for cable operators in offering streaming-media scrvices to subscribers are quality of service
{QoS} and control of content flow across the network. Both can be ensured with existing Cisco products and technologies.

Quality of Service

QoS for the cable ncowork encompasses four main areas: nenwock engineering, identifying teaffic types, admission control and

policing, and pr:fcnfdt'ﬁl. queuing:

* Neowork cngi;ccring—Thc nerwork must be enginccred o 2How for specifying and predicting application traffic as well as
deciving link bandwidth requirements.

« Identifying traffic rypes—Cisco products give cablc operators the ability to identify and distinguish traffic types by application,
such as Web, e-mail, voice, or strccaming video; by user, via intccface or address; or by the type of laternet protoco! used.

« Admission control and policing—Admission control refees to decisions on whether the network can support a specific application.
Policing ensurcs that the application honors its rescrvation.

¢ Pecferential queuing—Cable operators can establish priority for the bits thac flow through the neework. For example, c-mail and
Web teaffic are very tolerant of delays and packer drops within the network. Voice and video arc not, and must reccive priority-

With current technologics, engincering a necwork to deliver sreaming-video services of extremely high quality is not a technical

problem. It is simply 2 matter of economics and good nenwork design,



Cantralling Stresming-Media

Cablc operatars need to design intelligent nctworks that can distinguish flows and treat them differently. They can design high-speed
data networks that peamit control of streaming-media content flow—the flow of incoming coateat from other networks (the
Intemet, for example) and flows within the network (to differcntiate secvices). Committed access rate (CAR) is aa example of the
technclogies that are used to control the flow of content into and out of nctworks. Using CAR, a cable operator can define specific
types of traffic end control how much bandwidth they coasunie. '

Cable operators must build inco the network the ability to monitor network traffic in detail. As new applications emecge,
cable operators can capitalize on innovation by monitoring nerwock usage and developing new secvices around these applications,
The Cisco Systems NetFlow technology is an example of the products that exist today that can monitor traffic pattecns and
technology in detail.

Economics Of Streaming-Media Networks

On the necwork side, the only real costs to a cable MSO for streaming-media capability ace incremencal costs for additional routers,
scrvess, and cache cngines within the nenwork. On the equipment side, the basic necds for strcaming-media services (including VoD
secvices) ace video servers, systems management and modulation systems, necwork infrastructure (which includes routing and
caching), and STB capability to demodulate the video streams.

The economics for screaming over an IP netwark are advaatageous—especially since cach cost for video delivery via IP is an
incremental castto a cable o pecator who is already building out the cable infrastructure foc high-speed data services. By equipping
the nenwork to deliver streaming-media services, cable operators are positioned to geacrate revenue not only from traditional VoD
services but also from §rrca_ming-mcdia poreal revenue (commerce and advertising) and high-speed data services. By building a single
nenwvork iastead of nwo {one For VoD and onc for data), cable operators can create a cost-competitive nenwork design thatcan be
built out incremenrally as stecaming-media services grow.

As an example, assume thatina h)'poci\ctical video streaming operation cach vidco stream runs at 3 Mbps at QAM 156
modulation, mcaning that cach QAM 256 channel can accommodate 12 video streams. Our hypothetical cable headend has
160,000 basic subscribers, of which 80,000 have digital sct top boxes. We will assume thar 50 percenc of those homcs—.—-"0,000

" subscribees—use VoD service. We will also assume that peak usage patceras for VoD arc 10 percent. For planning purposes,
therefore, the system requires 4,000 video stecams. In the business model below (Table 1 and Table 2, on the following page), the
payback period is very rcasonable from the cable operator’s perspecrive. It would cqual 2.2 ycars if VoD werc implemented today
with cxisting cquipment. With Moorc's Law and the rapid maturity of Data over Cable System Interface Specifications (DOCSIS)
technology, the payback pc.'r_iqd shrinks 1o 1.6 ycars by the year 2000.

e



Table 1 Cisco VoD Model and Cesh Row®

"Vob Cs i S ELIBT
v Civ e A S R T

3

Homes Passed 200,000
Basic Penetration 0%
Basic Subs lso,oo;a
Digia! Penetratian 0%
Digital Homes 80,000
VoD Penewraton {percentzge of digital homes) 0%
VoD Homes 40.000
Peak VoD Usage 0%
Sveams Needed 4,000
Capacity (Mbps) per DOCSIS Dawnstream 6
Mavie Encode Rate (Mbps) 3
VaD Model Econaniics aad Cash Flow

Average Nonadult Renral .95
NonadudtMacke! Share 85%
Average Adult Rental 5595
Weighted Avorage Rentat $4.25
Swdio Sphit{nanaduli} B5%
Sieedio Split {adute) %
Weighted Swdia Split 52%
Average VoD Buys Per Month 35
New Tides Per Month 10
Pracessing Cost Per Neve Tite . §3,600
Bad Dnbtkswmpﬁog - 2%
Annual Gross VoO Revenve $7,140,000
Bi‘d Deb: ${142.800
Annual NetVaD Reveaue 55,997,200
Vo0 Revenve Per Househald {befare studio splid §14.58
Studio Sgkt Payments {annual] 83,712,800
Nev Tide Processing Costs {annual) $30,000
Tow! Operacing Cosis $4,072,800
VoD Cach Flov/ £2,924,400
VoD Cash Fowr Margin 1%

§. VoD Investor, December §, 1996.




Table 2 Cisco Vo0 Capital Expenditures?

" Sucaming-Media Solation Today

Video Server Cost/Stmam ) $00 £S00
Upconverters Cosy/Straam ' . $100 si1co
Transport CosySweam : " s200 $150
N!nddm'on Cast/Soream $1.000 : 8500
Yotal Cast per Stream per Subscribec $1,500 S1,118
Toual Equipment Cost §5,400,600 $46G0,000
Total Capital Costs $§6,480,000 . 54,600,000
Payback {Yaers) ' 22 1

The cost of a streaming-media video-on-demand solution will depend on the incremental costs of moving the video through the
nerwork to subscribers. In our example architecrure, this means Cisco gigabit switch routcrs (GSRs), the Cisco uBR 7246 universal
broadband routes, and upconverters (Figure 10).

Figure 10 Streaming -Media VoD Architectuse
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An advantage of this solution is that it is incremental. Cable operators are alrcady building out the cable infrastrucoure for delivery
of high-speed data services. The inceemental costs for routing, secvers, and cachc components to transport video through an P
ncewvark is reasonable today. The economics will only get better as Moore's Law continucs to drive equipment prices downwardl.

It should be noted that this network can be used for any stireaming-media services cable operators may want to deploy in the
future. Cablc operators can build out their networks incrementally as demand and capacity increasc, They also have a nerwork
sdvantage, because the data and video services operate over the same neawork and use the skame equipment.

For cablc operators who plan to deliver streaming-media services in addition to traditional broadcast programming, the {uturce
is very promising. Moorc's Law will continue ta make nerwork bandwidth cheaper for the foresceable future. In any case, @ cable
planc is capable of more than 3Gbps per node. The economics of HEC bandwidih should, thercfore, not hinder the delivery of

on-dcmand scrvices (0 consumers.

9. VoD Investor, December 8, 1998,
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Conclusion '
“The cable industry is in a state of rapid transition from the ald-world, closed-system modc! that offecs broadeast television
programming to & new world driven by competition and choice. Good planning and nevwork design will ensure that
streaming-media is not a threat to cable aperators, but & new platform foc the easy deploymerit of highly customized and valued
on-demand content and services, Streaming-media services will complement the digital video deployments of the cable indus:ry.
A squming-mcdia platform will be a source of sustainable advantage against operators with lower effective bandwiddh to the
horue, as well as newer broadband portal companies thac are vying for cable-subscriber mind and market share. The economizs for
streaming-media look reasonable and will continue to ride 2 steep cucve as Mooce’s Law continues to impact neswork equipment
costs and pecformance. Streaming media will evolve from being strictly PC-oriented today to TV-ceatric tomotsow, Cable opecatars
are in 3 unique position to czpitali;c_ on this trend by creating a set of valued services for residential users. Cisco products and
services can help them to succeed in this eatecprise. '

For more information about Cisco Cable Products and Solutions, visit us on the Web at: www.cisco.com/cable.
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@Home Netw.orkj. )

HICH-SPEED,

“ALWAYS-ON"

.

@HoMe NETWORK DELIVERS HIGH-SPEED JINTERACTIVE SERVICES USING

THE CABLE PLANT INFRASTRUCTURE AND ITS OWN NETWORK ARCHITECTURE.
: [}

OFFERING INFORMATION SOLUTIONS FOR CABLE OPERATORS, MEDIA COMPANIES,

BUSINESSES, AND  RESIDENTIAL CUSTOMERS, THE @HOME: NETWORX GIvEs

ACCESS TO DATA SERVICES, THE INTERNET,

MEDIA-RICH APPLICATIONS, AND CONSUMER-FRIENDLY CONTENT.

~ Less thaa five years old, @Home Nenwork currently serves |

more than 500,000 cable subscribers. Through its @Home
partnecs, @Home can claim exclusive access to more than

___must be of lugh quality, highly reliable, and maintainable. _
The big challenge before our company is all about execu-

half of all cable homes passed in North America. The |
company attributes much of its success to the design and
implementation of a flexible, highly scalable network. This
carrierclass design, using networking equipment from
Cisca Systems, helps @Home easily modify and expand

its service offerings to continually leverage the Jarestin

technology and market opportunities.

Background

From its beginnings, @Home
planned to differentiate itself by
building 2 high-performance plat-
form capable of multiple-service
delivery. Milo Medin, @Home
Nerwock's Senior Vice Ptcsudcnt

and Chicf chhmcalﬂfﬁccr explains:
“Jc would be foolish for anybody in
this business to peedict which prod-
ucts will be most successhul in five _
years. Sa what we tried to do was to
creatc.a gcncral-purpdsc pladorm
that allows new services to evolve—
a platform on which operators can
easily ty out new service models.™

Challenge

“To be successful rolling out cable
data services for Internct browsing as
well as for all of the other potential
services,™ Medin continues, “you

really have to have a flexible, IP-centric platform that's
opcrating across the hybrid fiber coaxial (HEC) plant..

Solution

tion—delivering on the value proposition to the customer.”

Two key themes differeatiate @Home's network strategy.
First, the company chose to implement a hierarchical,
distributed nerwork architecture that uses special caching
and replication technigues to ensure that information is

always as close as possible to the customer. Second,

“CISCO’S RELIABLE PLATFORM AND
INTERNET-AWARE  -SOFTWARE HAS
ALLOWED US TO DEPLOY AN EFFECTIVE
DOCSIS 1NFRASTRUCTURE. CIsco’s
WORK WITH STANDARDS GROUPS AND

OTHER PROVIDERS IN TEHE CABLE MODEM

SPACE ALSO ENSURES THAT AVAILABLE -

SOLUTIONS DELIVER NOT JUST WEB
BROWSING, EUT A WIIOLE HOST OF SER-
VICES ON TOP OF THE INTCRNET-CAPABLE

DATA INFRASTRUCTURE.”

—2Milo Medin

@Home Network

Senior Vice President

and Chicf Technical Officer

And, consumers expect the sexrvice to be a utility, so iz

ficrn Qrereue °

@Home designed its systems to pro-

vide proactive, end-to-end network

management with visibility from the

'@Home or partner servers all the
* way to the customer PC.

To sccomplish these goals,

" @Home looked to Cisco Systems to
" provide intelligent networking equip-

ment as well as IP expertise to belp

_ implement the networking strategy.

Built on 2 Cisco router backboane,
the @Home network now incorpo-
rates 2 full span of Cisco eguipment,
including gigabit switch routers,
high-cnd core routess, Cisco Ethecniet
switches, and Cisco customer
premise router equipment “To man-
age the customer experience from
ead to end, we believe you have 10
have an end-to-end architecture,”
Medin remarks. “It simplifies the

: " problem and lets us deliver advanccd

services that would be vutuaﬂy

impossible to dchver with a fragmented syscem connected
bya gcm:ac Inxcmct prondcr backbonc. (Scc bgurc 1)
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National Backbone

Regional Data Center (@8

Head End
locations that
connect to homes

You may use any of
these Cisco products:
Cisco GSR 12000 and
Cisco Catalyst 7X00
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Aoad Rumner =~

ROAD RUNNER, THE NATION'S LARGEST HIGH-SPEED ONLINE SERVICE, Is
BUILDING TO MEET THE EXPANDING GROWTH OF ITS BROADBAND SERVICE.
. THE RAPIDLY GROWING ONLINE PROVIDER PLANS TO ENHANCE SERVICE

REGISTRATION AND ACTIVATION FOR NEW SUBSCRIBEES THIS YEAR. NEw

AUTOPROVISIONING AND SELF-PROVISIONING SOLUTIONS FROM CISCO SYSTEMS, INC. WILL PROVIDE

. THE FOUNDATION FOR THESE ENHANCEMENTS.

A Background

Road _Ru__ngc_:%'; oew autdi)rp_\_risioping solucion will help
ensurc customers have faster, casier access to pcrsomlizéd ‘
Road Runner q:uidinédia conteat, communications services,
and entertainment applications. With Cisco Subscriber
Registraton Center (CSRC) users will evenmally be able to
subscribe to services, select service levels, a0d activate their
registration instantly—all without operator interveadon.
CSRC is 2 key element in Road Runner's growth and
business plans. With CSRC new Road Runner subscribers
will register instandy without scheduling in-home techni-
cian visits to set up and install the product. For Road
Runacr the savings from reduced truck rolls, techaician
tirue, and customer revisits are significant. For che usecs the
cventual instant fulfllmeat will fur-
ther reinforce the unique out-of-box
Road Runner expericace.
© INSTALLATION

Road Runnec high-speed online ser-
vices arc provided by & joint venmure
SesviceCo LLC of Tirne Wamer, Inc.,
MediaOne Group, Inc., Microsofr
Corporation, Corapaq Corporation,
and Advance/Newhouse. This venture combines the resources
and talent of five wocld leaders in media, broadband net-
warking, computer software, aad personal cormputing. The
compelling personalized multimedia experience Road
Runner has created is delivered via affiliate hybrid Bbee-
coaxial cable networks natdoowide.

Challengc . i )

Road Runner is grm;ving quickly. Maintaining very high
cuscomer satisfaction levels in any fast-growing enterprise .
is challenging, For Road Runner the key is to sustain and

. .. . Cisco SYSTEMS

CSRC ENABLES NEW CUSTOMER SELF

AND PROVISIONING
WHILE SUPPORTING RoaD RUNNIR’S
CONTINUING CROWTH AND HICH
SATISFACTION GOALS.

" imptove those satisfaction levels whdc reaching mass

market peaetration levels. To achieve these goals a stm.tcgy
using sutomated self-provisioning and supporung retail
chaancls was chosen.

Solution .

The Road Runaer team selected the Cisco CSRC solution
to meet its goals. CSRC is a powerful subscribescentric
solution that enables mass-market deployments using
subscriber sclf-registration and acdvadon.

With CSRC users can eventually purchase a modem,
sct-top, or other broadband appliance, carry it bome, and
self-install their deviee and service. Secure, easy-to-use
" Web-based intesfaces enable the reg-
istration and coaSguration of ticir
device to support a sefected service
level. End-to-end security features
climinasc theft of scovice, spoohing,
and othere potential quality-of-scrvice
{QoS) issues.

CSRC is an integrated middle-
wate solution for broadband scrvice
providers built to enable mass-market
rolouts. CSRC automates broadband appliance provision-
ing for modems, set-top boxes, thin clients, game playcrs,
hybrid fiber coax (HFC) telephony, and other devices. The
system scamlessly integrates with most traditional cable
operational support and billing systerus. Support for condi-
tional access systems is also planned.

The soludon is an open, modular, casricr<lass platform
for broadbaad operators. CSRC is also 2 dirccrory-caabled
solution that works with either Cisco Network Sexvices for
Active Direciory (CNS/AD) ot industry-standard Ligheweight
Dicectory Access P.rotocol (LDAP) Version 3 servess.




